Cell-free extracts from Mucor rouxii contain enzymes that catalyse the synthesis of uridine diphosphate glucuronic acid (UDPGlcA) from UDPglucose and the incorporation of glucuronic acid from UDPGlcA into polymer(s). Two different polyuronide fractions isolated from the cell walls of this fungus were used as primers. Mucoran, a heteropolymer, was much more efficient than mucoric acid, which is largely a homopolymer of D-glucuronic acid. The primer ability of native cell walls was comparable to that of mucoric acid. Most of the glucuronosyltransferase activity in the cell-free extract was found in a 20 000 g particulate fraction. Optimum pH for polyuronide synthesis was 7.0. Mn2+ or Mg2+ stimulated incorporation of GlcA. The products synthesized from mucoric acid and mucoran primers were different and yielded different disaccharides upon hydrolysis.
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I N T R O D U C T I O N
The cell walls of most fungi contain small amounts of D-glucuronic acid (GlcA) residues (Bartnicki-Garcia, 1968), but in mucoraceous fungi, GlcA is a prominent wall component. For instance, in sporangiophores of Mucor rouxii, up to 25 % of the wall dry weight consists of GlcA polymers (Bartnicki-Garcia & Reyes, 1968 b). The walls from vegetative cells, yeasts or hyphae have about 12% GlcA. Two types of polyuronide have been isolated from these walls: mucoran and mucoric acid. Mucoran, isolated from yeast cell walls of M. rouxii, is a complex heteropolysaccharide whose main structural feature is a glucuronomannan chain made of alternating sequences of GlcA and mannose (Bartnicki-Garcia & Lindberg, 1972) . The polymer also contains smaller amounts of fucose, galactose and glucose. Mucoric acid, on the other hand, isolated from sporangiophore walls, seems to be mainly a homopolymer of GlcA. As suggested earlier (Bartnicki-Garcia & Reyes, 1968 a), both polyuronide fractions may arise from a single molecular species cleaved during isolation. Likewise, Datema et al. The purpose of the present work was to initiate a search for the precursors, enzymes and conditions for the biosynthesis of cell wall polyuronides. Preparation of enzyme fractions. The mycelial mass obtained as above was resuspended in 0-01 M-potassium phosphate buffer (pH 7.0) with 0.01 M-dithiothreitol. The mycelium was disrupted in a Virtis 45 homogenizer for 1 min; the sample temperature was kept below 4 OC by means of an ice-bath. The homogenate was fractionated by differential centrifugation. Cell wall fragments and unbroken cells were removed by centrifugation at 2000 g for 10 min. The sediment was used to obtain clean cell walls by repeated homogenization and centrifugation (three or four times), until microscopic observation indicated disappearance of cytoplasmic debris. Two more particulate preparations were obtained by consecutive centrifugations of the 2000 g supernatant, one at 20 000 g (30 min) and the next at 100000 g (60 min).
For detection of UDPGlc dehydrogenase, the fungus was grown in 500 ml liquid YPG medium contained in a 2 1 Erlenmeyer flask. The cultures were incubated aerobically on a gyratory shaker for 13 h at 28 OC. The mycelium was harvested and washed with 0.05 M-Tris (pH 7.5) containing 0.01 M -M~C~, and 0.01 M-EDTA. The mycelium was broken with a Hughes press and the cell-free extract obtained fractionated by centrifugation as above.
UDPGlc dehydrogenase assay. The assays contained 0.33 mM-UDPGlc; 0.67 mM-MgC1,; 0-66 mM-NADt or NADPt and 0.1 ml of enzyme. Final volume was 1.5 ml in Tris/EDTA/Mg*+ buffer. Coenzyme reduction was followed spectrophotometrically at A 340.
Glucuronosyltransferase assays. Unless otherwise stated, the incubation mixtures contained 17 5 PM-UDP-~-['~C]glucuronic acid (123000 d.p.m.); 31.2 m~-MgCl,; primer (0.4-2.5 mg ml-'); 50 to 100 pl of enzyme fraction; plus other additions (mentioned later) in a final volume of 0.32 ml. Incubation was at 30 OC for 20 min with occasional shaking. The radioactivity incorporated into polyuronides was measured by two different procedures depending on the primer used. With mucoric acid primer, the incubation mixture was inactivated with 1 M-HCl and the precipitate washed twice by centrifugation. The radioactivity of the precipitate was counted by liquid-scintillation. With mucoran primer, the radioactivity incorporated into the polymer was determined by paper chromatography; the incubation mixture was inactivated with 0.02 ml 2 M-acetic acid and then spotted on a 4 cm strip of Whatman 3MM filter paper, which was irrigated overnight in descending fashion with isobutyric acid/l M-ammonium hydroxide ( 5 : 3, v/v). The polymer, which remained at the origin of the chromatogram, was separated from the substrate and other products formed during the incubation. The paper strips were cut into small sections (1 or 2 cm) and immersed in vials containing 15 ml of liquid-scintillation fluid. Activity was expressed as units; one unit being 1 pmol GlcA incorporated (min)-'.
Primers. As primers, we used two polymers isolated from M. rouxii cell walls (Bartnicki-Garcia & Reyes, 1968 b): mucoric acid from sporangiophore walls and mucoran from yeast cell walls. Purified mycelial walls separated as above were also used as primer.
Miscellaneous. UDP[ l-14Clglucuronic acid (UDP[*4ClGlcA) (68-5 mCi mmol-'; 2.53 GBq mmol-') was purchased from ICN (Irvine, Calif., U.S.A.). This was purified by paper chromatography to remove a small amount of what appeared to be UDPglucose. Protein was estimated by the Lowry method.
R E S U L T S
Synthesis of UDPgZucuronic acid. The presence of UDPGlc dehydrogenase was determined spectrophotometrically in cell-free extracts of M . rouxii. Two fractions, the 2000 g supernatant or the 100000 g pellet, were most effective in oxidizing UDPGlc to UDPGlcA. NAD+ rather than NADP+ served as the electron acceptor for this dehydrogenase. The enzyme was specific for UDPGlc and did not oxidize ADPGlc, CDPGlc or GDPGlc. Mg2+ stimulated activity. Most of the enzyme was particulate and the rest, about 30-40% of the total activity in the cell-free extract, was found in the soluble 100000 g supernatant.
Distribution and properties of glucuronosyltransferase in cellfree extracts. The ability of the different cell fractions to catalyse the incorporation of GlcA from UDP[14C]Gl~A into immobile products is shown in Table 1 . Maximum specific activity was observed in the 20000 g pellet. This was the source of enzyme for all experiments described below. Similar incorporations were obtained with either mucoric acid or mucoran as primers. Under the assay conditions, the incorporation of GlcA levelled off after 30 min (Fig. 1) . The optimum pH was found to be about 7 (Fig. 2) . Addition of 0-03 M-Mn2+ or 0.03 M-Mg2+ doubled the reaction rate, The K , was 0.2 mM. *Activity relative to a control, without exogenous primer, having a specific activity of 0.58 pmol GlcA min-' (mg protein-'.
Polyuronide synthesis in Mucor 2025
Incorporation of GlcA into dzflerent primers. The 20 000 g particulate preparation was capable of polymerizing GlcA in the absence of added primer possibly because it contained endogenous primer. Such primer, however, was probably present in limiting amounts, since addition of other potential priming substances increased incorporation.
By far the highest incorporation of [l4C]G1cA was obtained with mucoran as primer. On a weight basis, mucoric acid and native cell walls showed a similarly low priming efficiency (Table 2) . After acid removal with BaCO,, the hydrolysate was applied to paper chromatograms and irrigated in descending fashion with ethyl acetate/acetic acid/pyridine/water (5 : 1 : 5 : 3, by vol.). Reducing sugars spots were revealed with aniline phthalate spray. The paper strip was cut into small sections (1 cm) and radioactivity determined by liquid scintillation. Arrows indicate mobility of standards: A, glucuronic acid dimer; B, glucuronic acid; C, glucose; D, glucuronolactone.
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A. F L O R E S -C A R R E O N A N D S . B A R T N I C K I -G A R C I A
Eflects of sugars on glucuronosyltransferase activity. The following sugars, L-fucose, D-galactose, D-glucuronic acid, D-mannose and D-glucuronolactone, were added to incubation mixtures of the 20 000 g enzyme at a final concentration of 0-3 mg rnl-l, but they did not markedly affect the glucuronosyltransferase activity of the preparations tested with either mucoran or mucoric acid as primers.
Identijication of biosynthesized product: mucoran primer. The biosynthesized product was hydrolysed with 1 M-HCl at 100 O C for 8 h. The hydrolysis products were identified by column chromatography on Dowex-1 -acetate form as described earlier (Bartnicki-Garcia & Reyes, 1968b). Four peaks were obtained (Fig. 3 ): peak I (26.2%) contained neutral components (glucuronolactone and other neutral sugars); peak I1 (5.6%) was an aldobiouronic acid; peak I11 (5 1-4 %) was glucuronic acid; peak IV (15 8 %) was a dimer of D-glucuronic acid. These are tentative identifications based on previous analyses of wall 
